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(57) ABSTRACT 
A semiconductor device With an amorphous silicon (a-Si) 
metal-oxide-nitride-oxide-semiconductor (MONOS) 
memory cell structure. The device includes a substrate, a 
dielectric layer overlying the substrate, and one or more 
source or drain regions embedded in the dielectric layer With 
a co-planar surface of n-type a-Si and the dielectric layer. 
Additionally, the device includes a p-i-n a-Si diode junction. 
The device further includes an oxide-nitride-oxide (ONO) 
charge trapping layer overlying the a-Si p-i-n diode junction 
and a metal control gate overlying the ONO layer. A method 
for making the a-Si MONOS memory cell structure is pro 
vided and can be repeated to expand the structure three 
dimensionally. 

12 Claims, 6 Drawing Sheets 



US. Patent Mar. 27, 2012 Sheet 1 0f6 US 8,143,666 B2 

-» ------- “70?? 

“35 """"" ~ 20 

, 30 

~ 10 



US. Patent Mar. 27, 2012 Sheet 2 0f6 US 8,143,666 B2 

2000 \ 

Forming first insulation layer 
on substrate 

2100 

v _ 

Forming n-type a-Si source or 
drain region \_ 

2200 

v 

Forming p-type a-Sl layer 
overlying i-type a-Si layer \_ 

2300 

V 

Forming ONO layer 

2400 

‘I 

Forming control gate 

2500 

V 

Forming inter-layer dielectrics 

“ ~ 2600 

Fig. 2 



US. Patent Mar. 27, 2012 Sheet 3 0f6 US 8,143,666 B2 

1 10 Fig. 3A 

140 

6:15)" “ 135 
W130 

i 120 

Fig. 3B 

.. 140a 

I,» 135a 150 
-'/,..» 130a 

I V‘ I “120 

~‘ ~~~11O 





US. Patent Mar. 27, 2012 Sheet 5 of6 US 8,143,666 B2 

198 

\ "~~19(){195 xl 151F180 192 
140a __ 170 

I 135a 150 160 

130a 

vvvv " 120 

N Fig. 3G 
' “>110 

‘ 200 

198 

__ 180 192 

- - 140a __ H 170 

1353 150 160 
" -- 130a 

" 120 

Fi .3H 
" “' v"11o g 



US. Patent Mar. 27, 2012 Sheet 6 0f6 US 8,143,666 B2 

M 21 O 

200 
6 , 198 

" "'""-190{195 192 180 
* 170 

" “"160 

- 140a 

wr/ 135a 150 
"1,2", 130a 

‘"120 

Fig. 3| 



US 8,143,666 B2 
1 

SEMICONDUCTOR DEVICE WITH 
AMORPHOUS SILICON MONOS MEMORY 
CELL STRUCTURE AND METHOD FOR 

MANUFACTURING THEREOF 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a divisional application of US. appli 
cation Ser. No. 11/615,968 ?led Dec. 23, 2006, Which claims 
priority to Chinese Patent Application No. 2006101474462 
?led on Dec. 12, 2006, all of Which are commonly assigned 
and hereby incorporated by reference for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

Not Applicable 

REFERENCE TO A “SEQUENCE LISTING,” A 
TABLE, OR A COMPUTER PROGRAM LISTING 
APPENDIX SUBMITTED ON A COMPACT DISK. 

Not Applicable 

BACKGROUND OF THE INVENTION 

The present invention is directed to integrated circuits and 
their processing for the manufacture of semiconductor 
devices. More particularly, the invention provides a semicon 
ductor device having a memory cell and a method for making 
the device. Merely by Way of example, the invention has been 
applied to a three-dimensional (3D) amorphous silicon (a-Si) 
metal-oxide-nitride-oxide-semiconductor (MONOS) 
memory cell structure and a method for making the memory 
cell structure. But it Would be recogniZed that the invention 
has a much broader range of applicability. For example, the 
invention can be applied to a variety of devices such as 
dynamic random access memory devices, static random 
access memory devices, Flash memory devices, and others. 

Integrated circuits or “ICs” have evolved from a handful of 
interconnected devices fabricated on a single chip of silicon 
to millions of devices. Current ICs provide performance and 
complexity far beyond What Was originally imagined. In 
order to achieve improvements in complexity and circuit den 
sity (i.e., the number of devices capable of being packed onto 
a given chip area), the siZe of the smallest device feature, also 
knoWn as the device “geometry”, has become smaller With 
each generation of ICs. Semiconductor devices are noW being 
fabricated With features less than a quarter of a micron across. 

Increasing circuit density has not only improved the com 
plexity and performance of ICs but has also provided loWer 
cost parts to the consumer. An IC fabrication facility can cost 
hundreds of millions, or even billions, of dollars. Each fabri 
cation facility Will have a certain throughput of Wafers, and 
each Wafer Will have a certain number of ICs on it. Therefore, 
by making the individual devices of an IC smaller, more 
devices may be fabricated on each Wafer, thus increasing the 
output of the fabrication facility. Making devices smaller is 
very challenging, as each process used in IC fabrication has a 
limit. That is to say, a given process typically only Works 
doWn to a certain feature siZe, and then either the process or 
the device layout needs to be changed. 

Over the past, reducing memory devices have been a chal 
lenging task. As an example, for non-volatile memory devices 
the high density memory development is hindered by the 
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2 
inability to scale doWn the memory cell siZe Without reducing 
the memory capacitance per unit area. In the past, various 
conventional techniques have been developed for memory 
cell structures With reduced dimensions. Unfortunately, these 
conventional techniques have often been inadequate. 

Therefore, it is seen that an improved device design and 
technique for memory cell structure is desired. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to integrated circuits and 
their processing for the manufacture of semiconductor 
devices. More particularly, the invention provides a semicon 
ductor device having a memory cell and a method for making 
the device. Merely by Way of example, the invention has been 
applied to a three-dimensional (3D) amorphous silicon (a-Si) 
metal-oxide-nitride-oxide-semiconductor (MONOS) 
memory cell structure and a method for making the memory 
cell structure. But it Would be recogniZed that the invention 
has a much broader range of applicability. For example, the 
invention can be applied to a variety of devices such as 
dynamic random access memory devices, static random 
access memory devices, Flash memory devices, and others. 

In a speci?c embodiment, the invention provides a device 
With a-Si MONOS memory cell structure. The device 
includes a substrate, a dielectric layer on the substrate, and 
one or more source or drain regions being embedded in the 
dielectric layer. Each of the one or more source or drain 
regions includes an n-type a-Si layer, a diffusion barrier layer, 
and a conductive layer. The n-type a-Si layer, Which has a 
co-planar surface With the dielectric layer, is located on the 
diffusion barrier layer. The diffusion barrier layer overlays 
the conductive layer. Additionally, the device includes an 
intrinsic type (i-type) a-Si layer overlying the co-planar sur 
face of the n-type a-Si layer and the dielectric layer. More 
over, the device includes a p-type a-Si layer overlying the 
i-type a-Si layer. The device further includes an oxide-nitride 
oxide (ONO) layer overlying the p-type a-Si layer and at least 
one control gate overlying the ONO layer. 

In an alternative speci?c embodiment, the invention pro 
vides a method for making an a-Si MONOS memory cell 
structure. The method includes providing a substrate, form 
ing a ?rst insulation layer on the substrate, and forming one or 
more source or drain regions on the ?rst insulation layer. Each 
of the one or more source or drain regions is associated With 
a ?rst surface and includes an n-type a-Si layer, a barrier layer, 
and a conductive layer. The n-type a-Si layer is located on the 
barrier layer. The barrier layer overlays the conductive layer. 
Additionally, the method includes forming a second insula 
tion layer on the ?rst insulation layer. The second insulation 
layer is associated With a second surface Which is substan 
tially co-planar With the ?rst surface. The method further 
includes forming an i-type a-Si layer overlying the ?rst sur 
face and the second surface and forming a p-type a-Si layer 
overlying the i-type a-Si layer. Moreover, the method 
includes forming an oxide-nitride-oxide (ONO) layer over 
lying the p-type a-Si layer. The method further includes form 
ing a metal layer overlying the ONO layer and forming at least 
one control gate by patterning the metal layer. 

In yet another speci?c embodiment, the p-type a-Si over 
lying the i-type a-Si layer is capable of forming a p-i-n diode 
junction at the n-type a-Si surface. This p-i-n diode junction 
can act as an access device for each memory bit With 

improved signal-to-noise ratio and reduced scaling limita 
tions. In yet another speci?c embodiment, the combination of 
n-type a-Si source region, p-type a-Si channel layer, and next 
n-type a-Si drain region is capable of forming a thin-?lm 
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transistor (TFT). The TFT can act as an alternative access 

device for the memory cell.Additionally, the simplicity of the 
cell structure design provides an ability to be stacked in 3D. 
For example, the Whole memory cell structure can be imple 
mented in a cross-point memory architecture in Which each 
memory storage element, Within the ONO layer, can be sand 
Wiched betWeen an array of orthogonal Word lines and bit 
lines. 
Many bene?ts can be achieved, aside from the ability to be 

3D stacked, by Way of the present invention over conventional 
techniques. According to certain embodiments, the present 
invention combines the advantages of high reliability of ONO 
charge-trapping memory storage design, small geometric cell 
siZe using a p-i-n diode as the access device, and loW thermal 
budget for fabrication and dopant activation Within tempera 
ture tolerated by the memory cell. In addition, the present 
invention provides an easy to use process that is compatible 
With conventional CMOS process technology Without sub 
stantial modi?cations to conventional equipment and pro 
cesses. In some embodiments, the method provides a process 
to form a p-i-n diode junction by loW-temperature deposition 
of a-Si ?lms that meets the stackability and thermal budget 
constraint for 3D memory cell structure. Depending upon the 
embodiment, one or more of these bene?ts may be achieved. 
These and other bene?ts Will be described in more throughout 
the present speci?cation and more particularly beloW. 

Various additional objects, features and advantages of the 
present invention can be more fully appreciated With refer 
ence to the detailed description and accompanying draWings 
that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed side-vieW diagram of an a-Si 
MONOS memory cell according to an embodiment of the 
present invention; 

FIG. 2 is a simpli?ed diagram shoWing a method of manu 
facturing a-Si MONOS memory cell structure according to an 
embodiment of the present invention; 

FIG. 3A is a simpli?ed diagram shoWing a method of 
forming a ?rst insulation layer on a substrate for making an 
a-Si MONOS memory cell structure according to an embodi 
ment of the present invention; 

FIG. 3B is a simpli?ed diagram shoWing a method of 
forming a conductive layer, a diffusion barrier layer, and an 
n-type a-Si layer sequentially for making an a-Si MONOS 
memory cell structure according to an embodiment of the 
present invention; 

FIG. 3C is a simpli?ed diagram shoWing a method of 
forming a source or drain region for making an a-Si MONOS 
memory cell structure according to an embodiment of the 
present invention; 

FIG. 3D is a simpli?ed diagram shoWing a method of 
forming a second insulation layer around the source or drain 
region for making an a-Si MONOS memory cell structure 
according to an embodiment of the present invention; 

FIG. 3E is a simpli?ed diagram shoWing a method of 
forming a co-planar surface of the source or drain region and 
the second insulation layer for making an a-Si MONOS 
memory cell structure according to an embodiment of the 
present invention; 

FIG. 3F is a simpli?ed diagram shoWing a method of form 
ing a p-i-n diode junction for making an a-Si MONOS 
memory cell structure according to an embodiment of the 
present invention; 
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4 
FIG. 3G is a simpli?ed diagram shoWing a method of 

forming an ONO layer for making an a-Si MONOS memory 
cell structure according to an embodiment of the present 
invention; 

FIG. 3H is a simpli?ed diagram shoWing a method of 
forming a metal control gate on the ONO layer for making an 
a-Si MONOS memory cell structure according to an embodi 
ment of the present invention; 

FIG. 3I is a simpli?ed diagram shoWing a method of form 
ing an inter-layer dielectrics for making three-dimensional 
a-Si MONOS memory cell structures according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to integrated circuits and 
their processing for the manufacture of semiconductor 
devices. More particularly, the invention provides a semicon 
ductor device having a memory cell and a method for making 
the device. Merely by Way of example, the invention has been 
applied to a three-dimensional (3D) amorphous silicon (a-Si) 
metal-oxide-nitride-oxide-semiconductor (MONOS) 
memory cell structure and a method for making the memory 
cell structure. But it Would be recogniZed that the invention 
has a much broader range of applicability. For example, the 
invention can be applied to a variety of devices such as 
dynamic random access memory devices, static random 
access memory devices, Flash memory devices, and others. 
As discuss above, various conventional techniques have 

been directed to memory cells With reduced siZes. According 
to one of the conventional techniques, memory cells are 
implemented With stacked gate structure. For example, a 
stack structure is programmed using one or more channel 
hot-electrons that pass through a source region and a channel 
region and is then erased by a FoWler-Nordheim tunneling 
effect. 

Unfortunately, stacked gate cell structures, being of tWo 
dimensional array type, usually have a smaller memory 
capacity per unit area as the cell siZe scales doWn. One fea 
sible solution is to stack three-dimensionally several layers of 
memory arrays on top of a Si substrate containing the CMOS 
support circuitry. According to various embodiments, the 
present invention provides three dimensional memory cell 
structures. For example, certain embodiments of the present 
invention provides an ability to fabricate stackable access 
device in the memory cell. This brings up an requirement to 
improve the design of memory cell structure that can ful?ll 
one or more of the folloWing attributes including, stacking 
ability, small geometry, loW leakage current, bi-directional 
operable, easy integration into a loW temperature backend 
CMOS ?oW, cost effectiveness, ef?ciency, etc. Accordingly, 
various embodiments of the present invention provide an 
amorphous silicon metal-oxide-nitride-oxide-semiconductor 
(a-Si MONOS) memory cell structure. It is to be understood 
that the term “a-Si MONOS” refers to a class of memory cell 
structures and is broadly de?ned. For example, an “a-Si 
MONOS” may be illustrated according to FIG. 1. 

FIG. 1 is a simpli?ed diagram for a semiconductor device 
100 With an a-Si MONOS memory cell structure that is 
capable of being stacked three-dimensionally. This diagram 
is merely an example, Which should not unduly limit the 
scope of the claims. One of ordinary skill in the art Would 
recogniZe many variations, alternatives, and modi?cations. 
The device 100 includes folloWing components: 

1. Substrate 10; 
2. Dielectric layer 20; 
3. Conductive layer 30; 
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4. Diffusion barrier layer 35; 
5. One or more n-type a-Si source or drain region 40; 
6. i-type a-Si middle layer 50; 
7. p-type a-Si layer 60; 
8. Oxide-nitride-oxide (ONO) layer 70; and 
9. Metal gate region 80. 
Although the above has been shoWn using a selected group 

of components for the device 100, there can be many altema 
tives, modi?cations, and variations. For example, some of the 
components may be expanded and/or combined. Other com 
ponents may be inserted to those noted above. Depending 
upon the embodiment, the arrangement of components may 
be interchanged With others replaced. Further details of these 
components are found throughout the present speci?cation 
and more particular beloW. 

In one embodiment, the substrate 10 is made of a semicon 
ductor material. For example, the semiconductor material is 
silicon. In another example, the substrate 10 includes a plu 
rality of semiconductor devices such as a-Si MONOS 
memory arrays With dielectric passivation. 

The dielectric layer 20 is located on the substrate 10. In one 
embodiment, at least part of the dielectric layer 20 consists of 
silicon dioxide formed through thermal oxidation process on 
a silicon substrate. In another embodiment, the dielectric 
layer 20 is silicon oxide deposited by high-density-plasma 
(HDP) assisted chemical vapor deposition or is TEOS depos 
ited silicon oxide. 

There are one or more con?ned regions embedded in the 
dielectric layer 20. Each of these con?ned region contains a 
conductive layer, a diffusion barrier layer, and a semiconduc 
tor source or drain region. In an exemplar con?ned region as 
shoWn in FIG. 1, the conductive layer 30 is located at the 
bottom and the diffusion barrier layer 35 overlays the con 
ductive layer 30, folloWed by a n-type a-Si layer 40. The 
n-type a-Si layer 40 has a surface co-planar With the surface of 
the dielectric layer 20. The n-type a-Si layer 40 is capable of 
forming a source or drain region for the device 100. The 
n-type source or drain region 40 is conductively connected to 
the conductive layer 30 through the diffusion barrier layer 35. 
The conductive layer 30 is capable of coupling electrically 
With the memory bitlines (not shoWn in FIG. 1) to perform 
programming or erasing function for the memory cell. In one 
embodiment, the conductive layer 30 is a material containing 
metal or metal alloy material. For example, the material is 
titanium silicide. In another embodiment, the diffusion bar 
rier layer 35 is titanium nitride. 

Referring to FIG. 1, the n-type a-Si source or drain region 
40 contains hydrogen-free amorphous silicon Which is 
located at the top part Within the con?ned region embedded in 
dielectric region 20. In one embodiment, the amorphous sili 
con is doped With n-type dopants (e.g., As, P, etc) to be 
conductive With electrons as its majority carrier. As seen in 
FIG. 1, in another embodiment, the n-type a-Si source or 
drain region 40 has a co-planar surface With the dielectric 
layer 20. 

Referring again to FIG. 1, the i-type a-Si layer 50 is located 
on the co-planar surface of the n-type a-Si source or drain 
region 40 and the dielectric layer 20. The i-type a-Si layer 50 
is an intrinsic semiconductor Without impurity doping. In one 
embodiment, the i-type a-Si layer 50 is at least partially in 
direct contact With the n-type a-Si source or drain region 40. 
Additionally, the p-type a-Si layer 60 is located on the i-type 
a-Si layer 50. In one example, the p-type a-Si layer is doped 
With p-type dopants (e.g., B, Ga, etc) With holes as its major 
ity carrier. Referring to FIG. 1, in another embodiment, 
p-type a-Si layer 60 and i-type a-Si layer 50 overlying the 
con?ned n-type a-Si source or drain region 40 form an a-Si 
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6 
p-i-n diode junction in the device 100. In yet another embodi 
ment, the p-type a-Si layer 60 located over tWo neighboring 
n-type a-Si source or drain regions 40 is capable of forming a 
p-channel thin-?lm transistor (TFT). Either the a-Si p-i-n 
diode junction or p-channel TFT can be utiliZed as a memory 
access device for the device 100. 

Referring to FIG. 1, an ONO layer 70 is located on the 
p-type a-Si layer 60. The ONO layer 70 includes a bottom 
oxide layer 72 overlying the p-type a-Si layer 60, folloWed by 
a nitride layer 75 overlying the bottom oxide layer 72, and an 
upper oxide layer 78 overlying the nitride layer 75. For 
example, the bottom oxide layer 72 and the upper oxide layer 
78 are made of atomic-layer deposited silicon dioxide. The 
nitride layer 75 is made of atomic-layer deposited silicon 
nitride. In one embodiment, the loWer oxide layer 72 is a 
tunneling oxide of the device 100 for hot carriers to be 
injected into the charge trapping nitride layer 75 for memory 
storage. In another embodiment, the upper oxide layer 78 is a 
blocking dielectric or gate insulation layer for blocking the 
charge leakage out of the charge trapping nitride layer 75. The 
ONO layer 70 can be modi?ed to optimiZe certain device 
design requirements. For example, the composition in silicon 
nitride layer and the thickness of the tunnel oxide and block 
ing dielectric can be adjusted to provide enhanced perfor 
mance for the memory device. In another example, the charge 
amount trapped in the silicon nitride layer may be ?ne tuned 
and controlled to store 4 or more bits per cell. 

Referring back to FIG. 1, the device 100 further includes at 
least one metal gate region 80 as a control gate. The metal gate 
region 80 is formed by patterning a metal layer Which is 
formed overlying the ONO layer 70. The patterned metal gate 
region 80 is located at least over one con?ned n-type a-Si 
source or drain region 40 Where a p-i-n a-Si diode junction is 
formed. The pattern geometry of the metal gate region 80 is 
not speci?cally shoWn in FIG. 1, Which is merely an example 
and one of ordinary skill in the art Would recogniZe many 
variations, alternatives, and modi?cations of the metal gate 
regions 80 as Well as their interconnections. For example, the 
metal gate region 80 can be electrically coupled to the 
memory array Wordlines (not shoWn) Which may be orthogo 
nal to the memory bitlines coupled to the conductive layer 30. 
In one embodiment, the metal gate region 80 as a control gate 
of the memory cell can be made of a material With high Work 
function to suppress the parasitic gate erase current. In one 
example, the metal gate region 80 includes titanium material. 
In another example, the metal gate region 80 includes an 
aluminum material. 

According to an embodiment of the present invention, the 
device 100 With an a-Si MONOS memory cell structure can 
be repeated laterally to form a memory array. The memory 
array further can be passivated With an inter-layer dielectrics 
With a plurality of metal interconnects and/or contacts to the 
gate, source or drain regions. In another embodiment, the 
passivation layer can be further planariZed to form a substrate 
for stacking a plurality of the devices 100 again. In yet another 
embodiment, the present invention provides an a-Si MONOS 
memory cell structure that can be stacked in multiple layers to 
form a three-dimensional memory array. 

FIG. 2 is a simpli?ed diagram shoWing a method 2000 for 
manufacturing an a-Si MONOS memory cell structure 
according to an embodiment of the present invention. This 
diagram is merely an example, Which should not unduly limit 
the scope of the claims herein. The method includes the 
folloWing processes: 

1. Process 2100 for forming a ?rst insulation layer on a 

substrate; 
2. Process 2200 for forming n-type a-Si source or drain 

region; 
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3. Process 2300 for forming p-type a-Si layer overlying an 
i-type a-Si layer; 

4. Process 2400 for forming ONO layer; 
5. Process 2500 for forming metal control gate; and 
6. Process 2600 for forming inter-layer dielectrics. 
The above sequence of processes provides a method 

according to an embodiment of the present invention. Other 
alternatives can also be provided Where processes are added, 
one or more processes are removed, or one or more processes 

are provided in a different sequence Without departing from 
the scope of the claims herein. For example, the semiconduc 
tor device With an a-Si MONOS memory cell structure made 
by the method 2000 is the device 100 in FIG. 1. Further details 
of the present invention can be found throughout the present 
speci?cation and more particularly beloW. 
At process 2100, an insulation layer is formed on a sub 

strate. FIG. 3A shoWs a simpli?ed method for forming an 
insulation layer for manufacturing a semiconductor device 
With a-Si MONOS memory cell structures according to an 
embodiment of the present invention. This diagram is merely 
an example, Which should not unduly limit the scope of the 
claims. One of ordinary skill in the art Would recogniZe many 
variations, alternatives, and modi?cations. 
As shoWn in FIG. 3A, a substrate 110 is provided. For 

example, substrate 110 includes silicon. In another example, 
substrate 110 includes a plurality of semiconductor devices 
including a plurality of CMOS memory devices embedded in 
inter-layer dielectrics With passivation. On substrate 110, a 
?rst insulation layer 120 is formed. In one embodiment, the 
?rst insulation layer 120 includes silicon dioxide. For 
example, the silicon dioxide is formed by thermal oxidation 
process. In another example, the silicon dioxide layer is 
deposited by using high-density plasma chemical vapor 
deposition (HDP-CVD) technique. 

Referring to FIG. 2, at process 2200, one or more n-type 
a-Si source or drain regions are formed. FIGS. 3B, 3C, 3D, 
and 3E shoW a simpli?ed method for forming one n-type a-Si 
source or drain region for manufacturing a semiconductor 
device With a-Si MONOS memory cell structures according 
to an embodiment of the present invention. These diagrams 
are merely examples, Which should not unduly limit the scope 
of the claims. One of ordinary skill in the art Would recogniZe 
many variations, alternatives, and modi?cations. For 
example, process 2200 can be implemented to make device 
100 in FIG. 1. 
As shoWn in FIG. 3B, on ?rst insulation layer 120 a con 

ductive layer 130, a diffusion barrier layer 135, and an n-type 
a-Si layer 140 are formed sequentially. In one embodiment, 
conductive layer 130 is made of a metal silicide material. The 
metal silicide material is capable of forming a contact pad for 
electric coupling. For example, the conductive layer 130 can 
be electrically coupled With memory array bitlines (not 
shoWn) embedded in the ?rst insulation layer 120 along a 
certain direction. In another example, the conductive layer 
130 is titanium silicide (TiSiZ). In another embodiment, the 
TiSi2 layer can be formed by various deposition techniques 
including evaporation, sputtering or CVD. For example, TiSi2 
layer is formed through thermal CVD using gas mixture of 
SiH4 and TiCl4 etc folloWed by a thermal annealing at 600 
8000 C. 

In yet another embodiment, to reduce the metal inter-dif 
fusion issue, a diffusion barrier layer 135 is deposited over 
lying conductive layer 130 prior the formation of a semicon 
ductor layer. For example, diffusion barrier layer 135 is made 
of titanium nitride (TiN) material. In another example, the 
TiN material is deposited using loW-pressure chemical vapor 
deposition (LPCVD) or physical vapor deposition (PVD). 
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8 
Referring again to FIG. 3B, an n-type a-Si layer 140 is formed 
on the diffusion barrier layer 135. In still another embodi 
ment, n-type a-Si layer 140 is deposited through a loW tem 
perature (<400o C.) plasma-enhanced CVD With ?oWing of 
SiH4/PH3/H2 gas mixture, Wherein phosphorus is the n-type 
dopant impurity. Other alternative methods such as LPCVD 
and atomic layer deposition (ALD) techniques can be used to 
form the n-type a-Si layer. Obviously, one of ordinary skill in 
the art Would recogniZe many other alternatives of the n-type 
a-Si formation including its dopant. 

Still at process 2200, referring to FIG. 3C, according to an 
embodiment of the present invention, patterning and etching 
are performed With the sequential layers of 130, 135, and 140. 
In one embodiment, the patterning is performed With an 
application of a photoresist layer folloWed by an UV light 
exposure under a patterned photo mask. Developing the pho 
toresist layer and strip-cleaning the exposed resist material 
lead to a surface consisting of partially revealed n-type a-Si 
layer 140 and one or more con?ned regions that are still 
covered by the resist layer. Furthermore, plasma etching is 
performed to remove the layers of 130, 135, and 140 that are 
unmasked until the ?rst insulation layer 120 is revealed. The 
etching process is anisotropic so that the regions covered by 
the resist layer pattern remain. After the resist layer is 
removed, one or more con?ned regions 150 are formed as 
shoWn in FIG. 3C. In one embodiment, each of the one or 
more con?ned regions 150 includes con?ned portions of 
n-type a-Si layer 14011, a diffusion barrier layer 135a, and a 
conductive layer 13011. The con?ned n-type a-Si layer 14011 is 
located on the con?ned diffusion barrier layer 13511 which 
overlays the con?ned conductive layer 130a. 

Additionally at process 2200, a second insulation layer 160 
is deposited to completely cover the formed one or more 
con?ned regions 150 and the exposed area of the ?rst insula 
tion layer 120, as shoWn in FIG. 3D. In one embodiment, 
second insulation layer 160 includes silicon oxide. For 
example, the silicon oxide is deposited using a high-density 
plasma (HDP) Chemical Vapor Deposition process. In 
another example, the silicon oxide is a tetraethyl orthosilicate 
(commonly knoWn as TEOS) deposited silicon oxide. 

Referring to FIG. 3E, still at process 2200, a chemical 
mechanical planariZation (CMP) process is performed to 
remove a portion of second insulation layer 160 until n-type 
a-Si layer 14011 in con?ned regions 150 is revealed and a 
co-planariZed surface is formed. The CMP planariZed surface 
includes at least partially a ?rst surface 141 of the n-type a-Si 
layer in the regions 140a and partially a second surface 161 of 
second insulation layer 160. In another embodiment, combi 
nation of a CMP process and a dry etching process or a dry 
etching process alone can be used to remove the portion of the 
second insulation layer. In yet another embodiment of the 
present invention, second insulation layer 160 is deposited 
around con?ned regions 150 (as shoWn in FIG. 3C) until 
second surface 161 of second insulation layer 160 is substan 
tially co-planar With ?rst surface 141 of n-type a-Si in regions 
140a. N-type a-Si layer 140a Within each of the one or more 
con?ned regions 150 is embedded in second insulation layer 
150 With a co-planar surface and capable of forming a source 
or drain region of a memory device. For example, the memory 
device is device 100 in FIG. 1. 

Referring back to FIG. 2 at process 2300, a sequential layer 
of i-type a-Si and p-type a-Si is formed. FIG. 3F shoWs a 
simpli?ed method for forming a p-type a-Si layer overlying 
an i-type a-Si layer for manufacturing a semiconductor device 
With a-Si MONOS memory cell structures according to an 
embodiment of the present invention. This diagram is merely 
an example, Which should not unduly limit the scope of the 
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claims. One of ordinary skill in the art Would recognize many 
variations, alternatives, and modi?cations. 
As shoWn in FIG. 3F, an intrinsic or undoped (i.e., the 

i-type) a-Si layer 170 is formed overlying surface 141 of 
n-type a-Si layer 14011 in con?ned region 150 and surface 161 
of the second insulation layer 160. In one embodiment, i-type 
a-Si layer 170 is at least partially in contact With surface 141 
of the n-type a-Si layer 14011 in the con?ned regions 150. In 
another embodiment, i-type a-Si layer 170 is deposited using 
a loW temperature (<400o C.) plasma enhanced CVD using a 
SiH4/H2 gas mixture. In another example, i-type a-Si layer 
170 is formed by depositing amorphous silicon using Si2H6 
using a LPCVD process under 4500 C. Other alternative 
method can be used, such as an ALD method using SiH4 or 

Si2H6. 
Additionally at process 2300, a p-type a-Si layer 180 is 

deposited overlying the i-type a-Si layer. For example, p-type 
a-Si layer 180 is deposited using a loW temperature (<400o 
C.) plasma-enhanced CVD process using SiH4/BF3/H2 gas 
mixture. Other alternative methods such as LPCVD and ALD 
techniques can be used to form the p-type a-Si layer. In one 
speci?c embodiment, overlying the con?ned n-type a-Si layer 
140a there exists a sequential layer of i-type a-Si and p-type 
a-Si, Which is capable offorming an a-Si p-i-n diodejunction. 
The a-Si p-i-n diode junction can be used as an access device 
for a memory cell. In another speci?c embodiment, con?ned 
n-type a-Si layer 14011 in one of con?ned region 150 forms a 
source region and con?ned n-type a-Si layer 14011 in a neigh 
boring region 150 forms a drain region. Over both of the 
regions 150 the p-type a-Si layer 180 on the i-type a-Si layer 
170 forms a thin-?lm-transistor channel region connecting 
the n-type source region to the n-type drain region. Such an 
architecture including an a-Si p-channel thin-?lm-transistor, 
according to an embodiment of the invention, can also func 
tions as an access device for a memory cell. Of course, one 

skilled in the art Would recogniZe other variations, modi?ca 
tions, and alternatives. 

Referring again to FIG. 2 at process 2400, an ONO layer is 
formed. FIG. 3G shoWs a simpli?ed method for forming an 
ONO layer for manufacturing a semiconductor device With 
a-Si MONOS memory cell structures according to an 
embodiment of the present invention. This diagram is merely 
an example, Which should not unduly limit the scope of the 
claims. One of ordinary skill in the art Would recogniZe many 
variations, alternatives, and modi?cations. 

Referring to FIG. 3G, an ONO layer 190 is formed over 
lying the p-type a-Si layer 180. The ONO layer is a nitride 
layer 195 sandWiched by a bottom oxide layer 192 and an 
upper oxide layer 198. Nitride layer 195 can be used as a 
charge trapping insulation layer for the memory storage. For 
example, nitride layer 195 is silicon nitride deposited byALD 
technique. In another example, the silicon nitride can be 
silicon-rich nitride. The bottom oxide layer 192 is a tunnel 
oxide separating nitride layer 195 from p-type a-Si layer 180 
Where hot electrons from n-type a-Si layer drain region 14011 
are to be injected into nitride layer 195 by programming of an 
electric ?eld. Upper oxide layer 198 is a blocking oxide or 
gate insulation layer, setting a high barrier for the retention of 
charges in nitride layer 195. In one example, both the bottom 
oxide layer 192 and upper oxide layer 198 are made of silicon 
dioxide. In another example, the silicon dioxide is groWn by 
ALD technique. In one embodiment, upper oxide layer 198 is 
thicker than bottom oxide layer 192. Of course there can be 
other variations, modi?cations, and alternatives. 

At process 2500, a metal control gate is formed. FIG. 3H 
shoWs a simpli?ed method for forming a metal control gate 
for manufacturing a semiconductor device having a-Si 
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10 
MONOS memory cell structures according to an embodiment 
of the present invention. This diagram is merely an example, 
Which should not unduly limit the scope of the claims. One of 
ordinary skill in the art Would recogniZe many variations, 
alternatives, and modi?cations. For example, the process 
2500 of the invented method is implemented to make the 
metal control gate for device 100 in FIG. 1. 
As shoWn in FIG. 3H, a metal layer 200 is deposited over 

lying ONO layer 190. In one embodiment, metal layer 200 
overlies upper oxide layer 198. Metal layer 200 includes a 
material With a high Work function. In one example, metal 
layer 200 is made of aluminum material. In another example, 
metal layer 200 includes titanium material. The metal depo 
sition can be performed by various techniques including 
evaporation, sputtering, and electrochemical deposition 
(ECD), among others. 
According to an embodiment of the present invention, a 

control gate can be formed by patterning metal layer 200 
located on ONO layer 190 over the a-Si p-i-n diode junction 
formed at process 2300. In another embodiment, the pat 
terned control gate is positioned over a p-channel TFT formed 
alternatively at process 2300. In still another embodiment, 
dual metal gates can be formed Within each memory cell. The 
patterning and etching processes for forming each of the 
control gate include applying photoresist layer, masking, 
exposing, developing, striping exposed resist residue, metal 
etching and resist layer removing, and others. 

In another embodiment, each of the patterned control gate 
can be electrically coupled With memory array Wordlines. 
The memory array Wordlines may be con?gured to be 
orthogonal to the directions of bitlines of the memory array 
thereof. Although the detail pattern geometry of the control 
gate is not explicitly illustrated in FIG. 3H, one of ordinary 
skilled in the art Would recogniZe many variations, altema 
tives, and modi?cations of the gate architectures Which 
should not unduly limit the scope of the claims. At the end of 
the process 2500, the formation of the control gate completes 
the formation of the a-Si MONOS memory cell structure. For 
example, arrays of devices 100 are made by method 2000 
including sequential processes from the process 2100 to the 
process 2500. 

Referring back to FIG. 2 at process 2600, an inter-layer 
dielectrics is formed. FIG. 3I shoWs a simpli?ed method of 
forming an inter-layer dielectrics 210 covering a device With 
a-Si MONOS memory cell structures formed at the end of the 
process 2500. This diagram is merely an example, Which 
should not unduly limit the scope of the claims. One of 
ordinary skill in the art Would recogniZe many variations, 
alternatives, and modi?cations. For example, a plurality of 
devices With a-Si MONOS memory cell structures can be 
formed at the end of the process 2500 prior to the formation of 
the inter-layer dielectrics 210. Additionally, metal intercon 
nects (not shoWn) can be embedded in inter-layer dielectrics 
210 for either bitlines or Wordlines of the memory arrays. In 
another speci?c embodiment, the a-Si MONOS memory cell 
structure formed though processes 2100 to 2600 is three 
dimensionally stackable. For example, the inter-layer dielec 
trics may be planariZed by a CMP or an etch back process, or 
a combination. The planariZed surface of the dielectrics can 
be used as a substrate in a speci?c embodiment. The sequence 
of processes (2100 through 2500) of method 2000 can be 
repeated to form another layer of memory cell arrays. 
As shoWn in FIG. 3I, in a speci?c embodiment, the present 

invention provides a device With a-Si MONOS memory cell 
structures. The device includes a substrate, a dielectric layer 
on the substrate, and one or more source or drain regions 
embedded in the dielectric layer. Each of the one or more 
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source or drain regions includes an n-type a-Si layer, a diffu 
sion barrier layer, and a conductive layer. The n-type a-Si 
layer, Which has a co-planar surface With the dielectric layer, 
is located on the diffusion barrier layer. The diffusion barrier 
layer overlies the conductive layer. Additionally, the device 
includes an intrinsic type (i-type) a-Si layer overlying the 
co-planar surface of the n-type a-Si layer and the dielectric 
layer. Moreover, the device includes a p-type a-Si layer over 
lying the i-type a-Si layer. The device further includes an 
oxide-nitride-oxide (ONO) layer overlying the p-type a-Si 
layer and at least one control gate overlying the ONO layer. 

The processes described above for manufacturing a semi 
conductor device With a-Si MONOS memory cell structures 
are merely examples Which should not unduly limit the scope 
of the claims herein. There can be many alternatives, modi 
?cations, and variations for an ordinary skill in the art. For 
example, some of the processes may be expanded and/or 
combined. Other processes may be inserted to those men 
tioned above. According to a speci?c embodiment, method 
2000 provides a tWo-dimensional array of memory cells hav 
ing the same structure of device 100. According to another 
speci?c embodiment, the method 2000 can be repeated to 
stack the memory cell structure in multi-layers, so that a 
three-dimensional array of memory cell structures can be 
manufactured. The simplicity of the formation of n-type a-Si 
source or drain regions, the a-Si p-i-n diode junction or 
p-channel TFT, and the ONO charge trapping layer folloWed 
by a metal control gate provides easy 3D stackability of 
memory cells. For example, the device 100 having a-Si 
MONOS memory cell structure can be embedded in larger 
chips three-dimensionally With increased memory density 
per unit area in a vertical direction. 

The present invention has various advantages. Some 
embodiments of the present invention provide an a-Si 
MONOS memory cell that is capable of 3D stacking. Certain 
embodiments of the present invention provide an a-Si p-i-n 
diode junction in the memory cell as the memory access 
device. For example, the a-Si p-i-n diode junction is formed 
using loW temperature (<450o C.) CVD processes Which 
meets the stackability and thermal budget constraints for the 
3D memory cells. Some embodiments of the present inven 
tion can reduce transistor leakage current and improve a 
charge retention time for the memory cell. Certain embodi 
ments of the present invention provide a simple method for 
making 3D memory cells using processes that are fully com 
patible With established CMOS technology. 

It is also understood that the examples and embodiments 
described herein are for illustrative purposes only and that 
various modi?cations or changes in light thereof Will be sug 
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gested to persons skilled in the art and are to be included 
Within the spirit and purvieW of this application and scope of 
the appended claims. 
What is claimed is: 
1. A device With amorphous silicon (a-Si) metal-oxide 

nitride-oxide-semiconductor (MONOS) memory cell struc 
ture, the device comprising: 

a substrate; 
a dielectric layer on the substrate, the dielectric layer being 

associated With a ?rst surface; 
one or more source or drain regions being embedded in the 

dielectric layer, each of the one or more source or drain 
regions being associated With a second surface and 
including an n-type a-Si layer, a diffusion barrier layer, 
and a conductive layer, the n-type a-Si layer being 
located on the diffusion barrier layer, the diffusion bar 
rier layer overlying the conductive layer, the second 
surface consisting of n-type a-Si and being substantially 
co-planar With the ?rst surface; 

an intrinsic (i-type) a-Si layer overlying the ?rst surface 
and the second surface; 

a p-type a-Si layer overlying the i-type a-Si layer; 
an oxide-nitride-oxide (ONO) layer overlying the p-type 

a-Si layer; and 
at least one control gate overlying the ONO layer. 
2. The device of claim 1 Wherein the dielectric layer com 

prises silicon oxide. 
3. The device of claim 1 Wherein the conductive layer is 

metal silicide comprising TiSi2. 
4. The device of claim 3 Wherein the metal silicide layer is 

capable of coupling With memory array bitlines electrically. 
5. The device of claim 1 Wherein the diffusion barrier layer 

is metal-nitride comprising TiN. 
6. The device of claim 1 Wherein the p-type a-Si layer 

overlying the i-type a-Si layer is capable of forming an amor 
phous silicon p-i-n diode junction at the second surface. 

7. The device of claim 1 Wherein the ONO layer comprises 
a silicon nitride layer for charge trapping, sandWiched by an 
upper silicon oxide block layer and a bottom silicon oxide 
tunnel layer. 

8. The device of claim 1 Wherein the control gate is char 
acteriZed by a metal layer pattern overlying the ONO layer. 

9. The device of claim 8 Wherein the metal layer comprises 
titanium. 

10. The device of claim 8 Wherein the metal layer com 
prises aluminum. 

11. The device of claim 8 Wherein the metal layer couples 
With memory array Wordlines electrically. 

12. The device of claim 8 Wherein the control gate is 
positioned over at least one source and one drain region. 

* * * * * 


